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ABSTRACT. Continuum-scale equations of radiative transfer and corresponding boundary conditions are rig-
orously derived for a general case of a multi-component medium consisting of arbitrary-type, non-isothermal
and non-uniform components in the limit of geometrical optics. The link between the discrete and continuum
scales is established by volume averaging of the discrete-scale equations of radiative transfer by applying the
spatial averaging theorem. Precise definitions of the continuum-scale radiative properties are formulated while
accounting for the radiative interactions between the components at their interfaces. Possible applications and
simplifications of the presented general equations are discussed.
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NOMENCLATURE

fv volume fraction
g binary weight function
I continuum-scale radiative intensity,

W m−3 sr−1

i, j component indices
k index of a scalar function
L discrete-scale radiative intensity,

W m−3 sr−1

l term order in function expansion
M number of components
M1 number of semi-transparent components
Ni number of components adjacent to compo-

nent i
Ni,1 number of semi-transparent components

adjacent to component i
n number of scalar functions
ni refractive index of phase i
n̂ inner unit normal vector
~r discrete-scale position vector
ŝ unit direction vector
~x continuum-scale position vector

Greek symbols
∆(V ) boundary of volume V , m2

φ smooth scalar function
ψ scalar function

Subscripts
a absorption
b blackbody
d discrete scale
e emission
i component index
i incoming
r reflection
s scattering
t transmission
w continuum-scale medium boundary

Superscripts
′

fluctuation
′′

bi-directional
′t

directional-hemispherical
i index of an averaging component

Other symbols
〈ψ〉 superficial average of ψ

〈ψ〉i intrinsic average of ψ with respect to
phase i

INTRODUCTION

Radiative transfer in media consisting of optically distinct components is encountered in multiple fields of sci-
ence and engineering including chemical processing, combustion, nuclear and civil engineering, atmospheric
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